Simple, rapid spectrophotometric, and reverse-phase high performance liquid chromatographic methods were developed for the concurrent analysis of 17-beta-estradiol (ESR) and drospirenone (DRS). The spectrophotometric method was based on the determination of first derivative spectra and determined ESR and DRS using the zero-crossing technique at 208 and 282 nm, respectively, in methanol. The linear range was 0.5-32.0 g⋅mL −1 for DRS and 0.5-8.0 g⋅mL −1 for EST. The limit of detection (LOD) values were 0.14 g⋅mL −1 and 0.10 g⋅mL −1 and limit of quantification (LOQ) values were 0.42 g⋅mL −1 and 0.29 g⋅mL −1 for ESR and DRS, respectively. The chromatographic method was based on the separation of both analytes on a C 18 column with a mobile phase containing acetonitrile and water (70 : 30, v/v). Detection was performed with a UV-photodiode array detector at 279 nm. The linear range was 0.08-2.5 g⋅mL −1 for DRS and 0.23-7.5 g⋅mL −1 for EST. LOD values were 0.05 g⋅mL −1 and 0.02 g⋅mL −1 and LOQ values were 0.15 g⋅mL −1 and 0.05 g⋅mL −1 for ESR and DRS, respectively. These recommended methods have been applied for the simultaneous determination of ESR and DRS in their tablets.
Introduction
Drospirenone (DRS), chemically (6R,7R,8R,9S,10R,13S,14S, 15S,16S,17S) 1,3 ,4 ,6,6a,7,8,9,10,11,12,13,14,15,15a,16-hexadecahydro-10, 13-dimethylspiro-[17H-dicyclopropa [6,7:15,16] cyclopenta[a]phenanthrene-17, 2 (5 H)-furan]-3,5 (2H)-dione ( Figure 1 ), is used in contraception and hormone replacement therapy after menopause [1, 2] .
17 -estradiol (ESR), chemically (17 )-estra-1,3,5(10)-triene-3,17-diol (Figure 1 ), is the most potent form in mammalian estrogenic steroids. It is firstly produced by the ovaries and is used in postmenopausal estrogen deprivation. The combination of drospirenone and 17--estradiol is used to treat menopause symptoms [1, 2] .
So far, some high performance liquid chromatograph (HPLC) techniques coupled with ultraviolet (UV) [3] [4] [5] , radioimmunoassay (RIA) [1, 2] , and tandem mass spectrometry (MS/MS) methods [6, 7] have been published for quantification and pharmacokinetic studies of drospirenone alone and in combination with drugs in pharmaceutical formulations [4] [5] [6] and biological fluids [1, 2, 6, 7] .
A number of efficient analytical techniques and procedures have been developed for the determination and pharmacokinetic studies of ESR individually as well as in combination with other drugs in pharmaceutical formulations, biological matrices, nutrients, and in water from different sources. For the determination of ESR, HPLC coupled with tandem mass spectrometry (MS/MS) [2, [8] [9] [10] methods has been widely used since they are highly sensitive and efficient methods, particularly in biological matrices. However, the HPLC-MS/MS method is expensive to analyze and time consuming and requires complicated procedures. Some HPLC with fluorescence (Fl) detection methods [11] [12] [13] [14] and gas chromatography coupled to MS methods [1] have also been applied for the determination of ESR. Although these methods are sensitive, derivatization is usually required. Various HPLC-UV detection techniques, which are used commonly for the separation of comparatively high concentrations of drugs, have been reported for the determination of ESR in combination with different related estrogenic compounds in pharmaceutical dosage forms [15, 16] , biological matrices [17] [18] [19] [20] [21] [22] , nutrients [23] [24] [25] [26] [27] , and waters [28] [29] [30] [31] [32] [33] [34] [35] [36] .
To the best of our knowledge, the simultaneous determination of ESR and DRS with the HPLC-UV method and spectrophotometric method has not yet been reported in the literature. The purpose of this study was to develop and validate an easy, precise, and selective RP-HPLC and derivative spectrophotometric method for the simultaneous determination of drugs in bulk and in tablets.
Experimental

Apparatus and Conditions.
Spectrophotometric measurements were carried out with a Shimadzu UV-160 double beam spectrophotometer. Analysis was performed on the following operating conditions: 1-cm path length quartz cells, high scan speed, scan range 200-400 nm, 2 nm of slits width, and derivatives interval (Δ ) of 1 nm.
HPLC measurements were performed on the Thermo Separation system (San Jose, CA) with the following parts: controller SN 4000, pump P 4000 and auto sampler AS 3000, fitted with 20 L sample loop, and photodiode array detector UV (UV-DAD) 6000 LP. Data acquisition was performed with ChromQuest 5.0 software.
Separation on a Waters Symmetry C 18 column (4.6 mm × 250 mm, in diameter 5 m) was performed. The mobile phase of acetonitrile and water (70 : 30) was used with an isocratic mode at ambient temperature, 1 mL/min flow rate. The eluents were monitored at = 279 nm for both compounds. The mobile phase was filtered through a 0.45 m HV filter with a Millipore vacuum filter system. The pure water was obtained by an aquaMAXTM-ultra water purification device (Young-lin instrument, South Korea).
Materials and Solutions.
Drospirenone (DRS) and 17 -estradiol (EST) were obtained from Sigma Aldrich. All solvents and chemicals with HPLC grade were purchased from Merck. Angeliq tablets were purchased from a local pharmacy.
Stock solutions of the studied drugs at 1.0 mg⋅mL −1 were prepared separately in methanol. The preparations of working standard solutions were made by appropriate dilutions from stock solution in methanol for the spectrophotometric methods and with acetonitrile-water (70 : 30, v/v) for the HPLC method.
General Procedures and Calibration Curves
Derivative Spectrophotometric Method.
Aliquots of standard solution of ESR and DRS (each 0.1 mg⋅mL −1 ) in mixture were transferred into 10 mL volumetric flasks to obtain the final concentrations of 0.5-8 g mL −1 for ESR and 0.5-32 g⋅mL −1 for DRS in methanol. The zero order and first order derivative absorption spectra of standard solutions in the range of 200-400 nm were recorded against a blank solvent. Firstly, the zero order spectra were recorded and then they transformed into their first derivative order form. Zero-crossing amplitudes in the first order derivative spectra were measured at 208 and 282 nm for ESR and DRS, respectively. Each concentration level was performed using 6 independent assays. To determine the calibration curves, the first order derivative amplitude values of each compound were plotted against the concentrations and the corresponding regression equations were obtained.
HPLC Method.
The standard solutions of ESR and DRS in the mixture at six different concentration levels were transferred into 10 mL volumetric flasks to achieve final concentrations of 0.23-7.5 g⋅mL −1 for ESR and 0.08-2.5 g⋅mL −1 for DRS in the mobile phase and injected into the HPLC system. Six replicates for each concentration level were performed. The peak areas plotted against the concentration of the compounds under the optimized conditions to obtain calibration curves and the corresponding regression equations were obtained.
Determination of Drug in Tablets.
Five tablets were weighed and finely powdered. The powder equivalent to an average tablet was weighed and then transferred to a 50 mL volumetric flask with 30 mL methanol and sonicated at room temperature for 1 h. The volume was completed with methanol and filtered. Tablet solution was appropriately diluted with methanol for the derivative spectrophotometric method and with acetonitrile : water (70 : 30, v/v) for the HPLC method. The solutions were then determined under specified conditions as in the section "general procedures and calibration curves. " Corresponding amounts of the drugs in the tablets were analyzed by related regression equations of the calibration curves.
Results and Discussion
Development of the First Derivative UV Spectroscopic
Method. Direct UV-absorption method was found to be inappropriate for the simultaneous determination of ESR and DRS due to some spectral interference. In addition, the wavelength of absorbance of ESR was lower than 205 nm and gave absorption bonds that were not sharp enough especially at low concentrations ( Figure 2 ). However, derivative spectrophotometry which is based on mathematical transformation has the advantages of reducing background absorbance and increasing the resolution of overlapping spectral bands and allows for the simultaneous analysis of organic compounds in the mixtures. Other important advantages of derivative spectroscopy are suppressing broad bands relatively to sharp bands and developing spectral details.
For the reasons described hereinabove, the derivative spectra of ESR and DRS solutions from first up to fourth were recorded separately and their spectra were compared in a row by memory of the device. The 1st order derivative (1D) spectroscopy was chosen for simultaneous determination due to the obtained zero crossing points for both compounds. The optimum wavelength without interferences for EST and DRS was 208 and 282 nm, respectively (Figure 3) .
For the derivative UV spectrophotometric method, methanol and acetonitrile alone and with mixtures of 50% water were tested as the solvent and methanol was found to be the most suitable solvent by considering the sensitivity, noise level, and resolution. 
Development of the HPLC
Method. An RP-HPLC method has also been developed for the simultaneous determination of ESR and DRS. In order to improve the resolution of the drugs, methanol-water and acetonitrile-water in different portions were tested as the mobile phase. The best results in terms of obtaining sharp peaks, resolution, and analysis time were obtained using acetonitrile : water (70 : 30, v/v). A Phenomenex C 18 -column, Venusil XBP C 18 (Agela), and a Waters Symmetry C 18 -column were tried to obtain the best separation. Waters Symmetry C 18 -column was selected for the accurate quantitation of both drugs. The optimized detection wavelengths and flow rate were 279 nm and 1 mL/min, respectively, at room temperature. The average retention time of the ESR and DRS was approximately 3.54 and 4.55 min, respectively. RSD% of the retention times for both drugs was approximately 2.18% for 9 independent analyses. A typical chromatogram of drugs in mixture in selected conditions is shown in Figure 4 .
Method Validation
Linearity and Sensitivity.
Calibration curves parameters were summarized in Table 1 . For the derivative spectrometry method, the linearity range of ESR and DRS was found as 0.5-8.0 g⋅mL −1 and 0.5-32 g⋅mL −1 , respectively. For the HPLC method, the linearity range of ESR and DRS was found as 0.23-7.5 g⋅mL −1 and 0.08-2.5 g⋅mL −1 , respectively. In both cases, correlation coefficients ( 2 ) were greater than 0.9967, indicating good linearity ( Table 1) .
Limit of detection (LOD) and quantification (LOQ) of drugs for proposed methods was calculated with the following equation: LOD = 3.3 / and LOQ = 10 / , where is the standard deviation of the intercept and is the slope of calibration curve [37] . LOD and LOQ values were 0.14 and 0.42 g⋅mL −1 for ESR, 0.10, and 0.29 g⋅mL −1 for DRS, respectively, for first derivative spectrometry method. The LOD and LOQ values were 0.05 and 0.15 g⋅mL −1 for ESR, 0.02, and 0.05 g⋅mL −1 for DRS, respectively, for the HPLC method (Table 1) .
Accuracy and Precision.
Intraday and interday accuracy and precision were validated by solutions of drugs at three different concentrations for both proposed methods. Determinations were performed at five replicates within the same day for intraday and on five separate days for interday precision. For intraday and interday precision, the percent relative standard deviation (RSD%) values of ESR ranged from 0.01 to 0.32% and 0.45 to 1.07%, respectively, for the derivative spectroscopy method (Table 2 ) and 0.02 to 1.18% and 0.08 to 1.03%, respectively, for the HPLC method (Table 2) . RSD% values of DRS ranged from 1.04 to 1.94% and 1.17 to 2.84%, respectively, for spectrometry and 0.69 to 1.90% and 0.15 to 2.67%, respectively, for the HPLC method.
3.3.3.
Recovery. Recovery studies were conducted by spiking known amounts of pure compounds solutions at three different concentrations to a known amount of tablet solutions.
The results given in Table 3 revealed that the percent recovery for ESR by derivative spectrophotometry and HPLC methods was in the range of 91.75-104.62% and 98.75-106.57%, respectively. The recovery values for DRS were 96.40-100.00% and 93.33-96.50% for the derivative spectrophotometric and HPLC methods, respectively. The recovery results offer that the method is not affected by the presence of the excipients in the formulation and confirms the high accuracy. The RSD% values of both drugs for both methods were less than 7.72% (Table 3) .
Stability and Specificity.
To examine the stability of the ESR and DRS solutions, the compounds in the mixture stored in the refrigerator at +4 ∘ C for a month and in the dark for 4 days at room temperature and then were analyzed in three replicates by the proposed methods under the selected conditions. The analyses results of these samples were compared with the results of freshly prepared drug solutions and found to be stable under these conditions.
Application to Tablets.
The proposed methods were administered for the analysis of the drugs studied in their tablet form, namely, Angeliq, which contains 1 mg ESR and 2 mg DRS per tablet. For the first derivative spectrophotometric method, the mean recovery values were 101% (RSD% = 0.79) and 99% (RSD% = 0.03) for ESR and DRS, respectively (Table 4) . For the HPLC method, the mean recovery values were 97% (RSD% = 0.21) and 98% (RSD% = 0.36) for ESR and DRS, respectively (Table 4 ).
Conclusion
In this study, a simple, rapid, accurate, and sensitive first derivative spectrophotometric and an RP-HPLC method were developed and validated for the simultaneous determination of ESR and DRS in their tablets for the first time. The HPLC method has a shorter analytical run. Both methods are cost effective compared to the LC-MS methods. Considering the linearity values and LOD values of DRS, the both proposed methods were more sensitive than reported RP-HPLC methods for the assay of the drug alone [5] and in combination with ethynyl estradiol in pharmaceutical preparations [3, 4] . The proposed methods for the determination of ESR were found to be more sensitive than some of the published HPLC-UV methods [16, 22, 33] . In addition, the LOD value of ESR for the proposed RP-HPLC method was found to be more sensitive than the other reported HPLC methods [22, 25, 31, 33, 35, 36] and a spectrophotometric method that has been published very recently [38] . The methods developed can be successfully used in the laboratories of quality control for the routine analysis of both compounds in pure form and pharmaceutical forms without preseparation.
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